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The Economic Value of Water Resources:
The Lake Bemidji Survey
RODERICK HENRY,* ROBERT LEY,** and PATRICK WELlE**

Introduction
One of the norms underlying our society's values is that
social institutions should enable individuals to better achieve
their goals and aspirations. This norm underlies reliance
on a democratic political system as well as a preference
for a market-oriented economy. A difficulty in achieving the
objective of giving people what they want is that their wants
are not always clear. For a wide range of goods and services,
people's desires are adequately reflected in what they are
willing to pay in the marketplace. Similarly, wants for most
goods are satisfactorily met by profit-oriented suppliers.
There are other goods, however, including many aspects
of environmental quality, for which it is impossible to
organize well-functioning markets. Consequently, market
prices cannot accurately reflect users' preferences. Moreover,
without a market demand, incentives for private suppliers
to make such goods available are weak Under these
circumstances, efficiency argues that payment and perhaps
provision through government is preferable to leaving
people's wants unsatisfied. Prior to provision, however, is
the problem of measuring people's demand, (i.e., their
willingness to pay for alternative outputs of the good).
The purpose of this paper is to examine the demand for
a particular nonmarketable good, water quality in the
Mississippi headwaters area with special attention paid to
Lake Bemidji. The results are based on the analysis of
responses to a survey conducted in the summer of 1986.
The following section briefly describes the survey instrument
and the nature of our sample. We will then summarize and
attempt to clarify our respondents ' conception and
perception of water quality. The expression "water quality"
is not meaningless, but until its attributes are clearly
identified, measuring water quality remains ambiguous.
Knowing what people value in a particular water resource
is also of obvious value both to public policymakers and
to those whose livelihood is affected by the quality of the
resource. Additionally, we will estimate the economic value
people attach to water quality overall and t? specific aspects
of water quality. We also explore the relationship between
differences in people's valuation and other personal or
economic characteristics.
*Department of Business Administration, Bemidji State University
**Department of Economics, Bemidji State University
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Materials and Methods:
Survey Method and Sample
Survey Instrument
The sample was based on a mail survey sent to 250
households in the Bemidji trade area. (The trade area was
defined in a study undertaken for the Bemidji Downtown
Development Authority) (1). This population was believed
to include most people who interact regularly with Bemidji
and are therefore likely to be knowledgeable enough to
form opinions about water quality in the area. The trade
area is roughly circular, with the cities of Cass Lake, Park
Rapids, Bagley, and Blackduck lying on its perimeter. This
population does not include all users of Lake Bemidji; tourists
are an obvious and potentially important exclusion. On the
other hand, the survey is not addressed exclusively to users.
The survey was designed to be cognizant of and measure
nonuser benefits of water resources as well.
In order to achieve the highest possible response rate,
the initial mailing was followed with a second mailed request
for a response and finally with a telephone request. In all,
83 responses were received and analyzed, representing 33%
of the original requests.
Chi-square analysis indicates that the sample may not be
entirely representative of the trade area's population.
However, this conclusion is based on comparisons between
the characteristics of our sample and corresponding county
or state data. The characteristics of the population of the
trade area are not available to us. Hence, the perception
of bias may be the result of an inappropriate comparison.
In any case, the relevant characteristics of the sample and
the population are included in Table 1.
Summarizing Table 1, our sample appears, on average,
to be older, better educated, and to have a greater male
representation than the population at large. In the .case of
income, chi-square analysis suggests that lower mcome
people are underrepresented in the sample, yet a comparison
of the mean incomes of the sample and population did
not reveal statistical differences. In other words, the sample
appears to accurately reflect the population's income level
on average, but to misrepresent its distribution.
As mentioned, the survey instrument contained four
sections. The first included general questions about
perceptions of water resources and was intended to ~.~ess
people's evaluation of the importance of Lake BemidJi as
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Table 1. Characteristics of sample and population
Income
Income Range

Percent of
Sample

Percent of
Beltrami County Pop.

less than $1 0,000
10,001 to 20,000
20,001 to 35,000
35,001 to 50,000
over 50,000

7.9
42.1
36.9
7.9
5.3

24.1
27.4
29.1
13.5
5.9

Mean

$23,480

$24,078

Education
Years in School
elementary
1-3 yrs. high school
4 yrs. high school
college, 1-3 yrs.
4 or more yrs. college

Percent of
Sample

Percent of
Minnesota

6.8
2.7
26.0
27.1
36.9

17
10
39
17
17

Age Composition
Age

Percent of
Sample

Percent of
Minnesota

20-29
30-39
40-49
50-59
60-69
70-79
80 plus

6.80
32.90
18.50
20.20
14.90
9.40
4.10

27.67
20.43
14.25
13.96
11.66
7.79
4.24

Sex

Percent of
Sample

Percent of
Minnesota

Male
Female

68.7
20.5

49.0
51.0

Gender

a water resource. To that end, an open-ended question asked
respondents to list up to five specific resources that the
phrase "local water resources" called to mind. They were
also asked to score the importance of each resource named
in the survey on a scale of 1 to 5. The resources listed
in this question were Lake Bemidji, three other area lakes,
ground water, and the Mississippi River. Individuals were
also asked to identify and score additional water resources
they might name. In a separate question, people were asked
to rank the three most important resources listed in the
survey. Finally, they were asked to list the five most important
uses of Lake Bemidji.
Section II of the survey sought to look at people's
perception of Lake Bemidji. They were asked to score the
importance of the lake on a scale of 1 to 5 for 18 separate
activities. Ten of these were recreational or leisure uses;
the others included the lake as an input to agriculture and
manufacturing, an input into consumption activities (i.e.,
drinking and showering), and as a medium for waste
disposal. The remainder of Section II asked people to score
the importance of 16 attributes or characteristics of Lake
Bemidji. Some of these focused on physical attributes (i.e. ,
color, clarity, and smell), others on perceptions of quality
(i.e., its suitability for water skiing and its weediness), and
others on its effects on the community (i.e., whether or
not it's good for local business).
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Section III examined respondents ' preferences with
respect to water quality. One question presented respondents
with five levels of water quality defined in terms of clarity,
weediness, and smell. With respect to these attributes, people
were asked to indicate whether the quality of the lake had
improved or diminished over the past five years. The last
series of questions attempted to assess the value respondents
attach to Lake Bemidji in terms of their willingness to pay.
Economists generally view people's willingness to pay as
a measure of the relative importance they attach to the good
in question. Willingness to pay was assessed from several
perspectives: ( 1) the percentage of their tax payments people
would like to go to environmental protection, (2) the dollar
amount they would be willing to pay for their most preferred
level of water quality, (3) the dollar amount respondents
would pay for their second best level of water quality, and
( 4) for both their first and second water quality choices,
the amount they would be willing to pay for user benefits.
(The term user benefits, as employed here, refers to the
value of all services received by the respondent, in contrast
to nonuser benefits, which is the value the respondent
attached to services received by others.) This section also
sought to distinguish between people's willingness to pay
for user and nonuser benefits by asking them to respond
to a list of possible motives for willingness to pay, checking
those that applied to them. Further, in the event that
respondents were unwilling to express a willingness to pay,
they were given the opportunity to indicate why (i.e.
attaching no value to the lake, the judgment that others
should pay, etc.).
The technique used to estimate people's willingness to
pay for water quality is referred to in the literature as
contingent valuation. It has been used with increasing
frequency during the past 15 years to estimate the value
people attach to nonmarketed goods. In effect, it attempts
to assess people's willingness to pay for such outputs by
putting them in the context of a hypothetical market. The
method is approved by the U.S. Water Resources program
and is used by both state and federal agencies (2). As the
use of the contingent valuation method has increased,
numerous studies have compared the outcomes of
contingent value studies with results obtained in simulated
markets or through such indirect methods as travel costs
or hedonic pricing (3, 4). Reviews of the contingent valuation
literature may be found in Cummings, Brookshire and
Schulze (5) and Desvousges, Smith and McGivney (6).
The format of the contingent valuation choices contained
in the survey on which this study is based serve to establish
the five essential elements of a contingent market as
described by Hoehn (7). These are 1) presentation medium,
2) description of policy impacts, 3) method of provision,
4) method of payment, and 5) value elicitation.
Section IV of the survey requested information about the
personal characteristics of respondents. Information was
requested on the income, occupation, education, age, and
gender of respondents. Such personal data enabled us to
check the representativeness of the sample and to explore
the possibility that differences in these attributes might
systematically influence respondents' perceptions and/ or
valuations.
Data analysis employed conventional statistical methods
using the SPSS-X (8) statistical package. Chi-square analysis,
t-tests, frequency distributions, and multiple regression are
examples of the techniques commonly used to analyze the
data generated by contingent valuation studies (6, 9, 10).
Journal of the Minnesota Academy of Science

Results and Discussion

Table 3. Water resources identified by respondents

Characteristics of Respondents
Some information regarding respondents' characteristics
reported in Section II was summarized in Table 1. Our
concern there was that our sample might not be entirely
representative of the population. Of particular concern was
that our sample was 68.7% male. That fact, coupled with
the possibility of correlations between gender and
preferences, is reason for caution in interpreting our results.
In any case, results will be more meaningful if the
characteristics of respondents are made clear. In what follows,
we seek to describe the sample in greater detail than was
appropriate above.
In terms of education, eight respondents reported leaving
school before entering 12th grade. Thirteen received some
education beyond the bachelor's degree and an additional
33 had at least attended college. Of the 74 individuals who
reported their present occupations, 19 or 22.9% were retired,
11 or 13.3% described themselves as professionals, and an
additional 11 or 13.3% said they were craftsmen. Although
17 other occupations were reported, none accounted for
more than four people, 4.8% of the sample.
Individuals were also asked to categorize their family's
income by placing themselves in one of the categories
reported in Table 2.

Resources

Table 2. Income distribution of respondents
Family Income
Less than $5,000
$5,000 - $9,999
$1 0,000 - $14,999
$15,000 - $19,999
$20,000 - $24,999
$25,000 - $29,999
$30,000 - $34,999
$35,000 - $39,999
$40,000 - $44,999
$45,000 - $49,999
$50,000 - $54,999
$55,000 and up

Percent of Respondents
2.8
6.9
25.0
9.7
9.7
13.9
13.9
4.2
0.0
1.4
2.9
9.7

Percent of Total Responses
45.5
28.9
28.9
63.6
51 .5
21.1

Ground Water
Lake Bemidji
Mississippi River
Lakes
Rivers and Streams
Other

a 1 to 5 scale. As shown in Table 4, 73% of the respondents
indicated that they viewed Lake Bemidji as an important
or very important resource. People were also asked to list
and score the importance of water resources not listed in
the survey. A total of 52 other water resources, including
28 lakes, were reported as important in addition to those
specifically listed in the survey. None of these other resources
was mentioned as frequently as those listed in the survey.
Red Lake, Turtle River, Leech Lake, Lake Plantagenet, Lake
Andrusia, and the Schoolcraft River were all specific resources
not listed in the survey, which were reported as important
by more than 10% of the respondents.
Table 4. Importance of named water resources
Resources Listed in
the Survey

Percent Ranking Resource as
Important or Very Important

Cass Lake
Ground Water
Lake Bemidji
Lake Irving
Lake Winnibigoshish
Mississippi River

7.9
79.4
73.0
22.2
3.2
77.9

The final question in Section I was open-ended. It asked
for a list of five uses to which the area's water resources
might be put. Eighteen uses were reported, with some
overlap between recreation and more specific activities such
as sailing. In general, the most frequently mentioned uses
were a mixture of consumer and industrial uses, as Table
5 indicates.
Table 5. Important uses for area water resources

The remaining specific questions asked about characteristics that might both reflect and influence respondents'
perceptions of the importance of water resources. While only
one individual, (1.2% of 76 respondents), reported living
on the lake, a large majority, (51 out of74 or 68%), reported
that they own a boat. The group generally lives in proximity
to Lake Bemidji, 28% within one mile and 50% within 15
miles. On the other hand, approximately 25% of the sample
reported living more than 40 miles from the lake.
Perceptions of Water Resources
Concerning the open-ended question that asked respondents to associate specific resources with the phrase "local
water resources," 66 respondents identified a total of 158
resources. Of these, 19 or 28.9% listed Lake Bemidji as a
resource, making it the second most frequently named
resource after groundwater. This indicates that Lake Bemidji
is an important resource in the eyes of area residents. Table
3 summarizes the important resources identified by
respondents.
The impression that Lake Bemidji is an important resource
is also revealed in responses to question 2, which asked
people to score specific resources named in the survey on
Volume 53, Number 3, 1987/ 88

Uses
Drinking
Recreation
Fishing
Manufacturing
Wildlife Habitat
Growing Crops
Washing
Viewing
Swimming

Percent Listing
as Important Uses
66.7
56.1
40.9
30.3
25.9
22.7
21.2
19.7
15.2

Percent Listing
as Important

Tourism
Home Use
Cooking
Sewage
Wildlife Watching
Showering
Motorboating
Canoeing
Sailing

13.6
13.6
12.1
10.6
7.6
7.6
4.5
3.0
3.0

In general, the respondents indicated that they regard Lake
Bemidji as an important resource and that water resources
may be put to a diverse range of uses.
Perceptions of Water Quality
People's perceptions of water resources are also reflected
in their views of what constitutes good water quality in a
lake. To determine this, five states of water quality were
described in terms of clarity, weediness, and smell.
Respondents were then asked to rank these alternatives in
order of preference. The results are reported in Table 6.
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Condition A is marked by murky, algae- laden water, many
weeds, and a bad smell. State B has less algae, fewer weeds,
and still smells bad. In state C, weeds remain, but with no
smell and clearer water. In state D, the water is murky due
to algae, with few weeds and no smell. Finally, state E is
a clear lake, free of both weeds and odor.
Table 6. Perceptions of water quality
Most
State Preferred

A
B

c
D

E

18.2%
3.6
19.3
7.3
56.4

Second

Median

Fourth

Least
Preferred .

7.3%
10.9
26.3
41.8
11.4

-023.6%
42.1
25.5
5.5

1.8%
52.7
10.5
25.5
7.3

72.7%
9.1
1.8
-014.5

Ranking the various states by our objective criteria places
states A through E in order of lowest to highest quality.
The diagonal running from the lower left of Table 6 to the
upper right shows that respondents' modal rank for each
state is consistent with our objective criteria.
Not all responses lie on that diagonal, however. It is
troubling that many people identified states A (murky, weedy,
and smelly) and C (clear, weedy, and no smell) as their
preferred states. In terms of the preference for A, we
hypothesized error on the part of respondents; specifically,
assigning a value of five rather than one to their preferred
state. A careful examination of the data, however, including
the elimination of responses where we judged that the scale
might have been reversed, did not solve the problem. On
that basis, we decided it would be incorrect to treat these
responses as errors.
State C differs from State E by being weedy. In the case
of Lake Bemidji, many weeds can be a symptom of excessive
nutrients and an unhealthy lake. Under some circumstances,
however, weeds might be interpreted as indicating a healthy
lake, (i.e., the absence of acid deposition or a relative lack
of surface algae) or as providing favorable opportunities for
anglers. Thus, some people may have misinterpreted the
question's implication in attributing weediness to Lake
Bemidji. On the other hand, it is possible that some people's
preferences would cause them to welcome weeds even if
they damaged the lake.
In the survey, respondents were also asked to score the
importance of Lake Bemidji in terms of 18 specific uses
given in the questionnaire. As demonstrated in Table 7,
respondents view the lake as important for a number of
diverse and perhaps conflicting uses. The table reports the
percentages of respondents who found the named activity:
(1) unimportant, (2) somewhat important, and (3) important
or extremely important.
To assess the importance of these uses, we calculated
the respondents' mean score for each one. On that basis,
only lawn watering, dog racing, and water-skiing could be
characterized as activities that were generally unimportant
to the group. Drinking and viewing emerged as activities
important to the group as a whole. The remaining activities
had mean scores that placed them between "somewhat
important" and "important" to respondents. These results
are not surprising. They are consistent with a view of the
lake as an important resource by groups of people who
wish to use it for different purposes.
The responses upon which Table 7 is based were also
subject to a factor analysis, out of which three factors
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Table 7. Importance of alternative uses of Lake Bemidji
Use
Canoeing
Sailing
Motorboating
Water-skiing
Fishing
Swimming
Drinking
Lawn Watering
Picnicking
Manufacturing
Growing Crops
Viewing
Showering
Cooking
Dog Racing
Washing
Sewage
Wildlife Watching

Unimportant

Somewhat
Important

Important and
Extemely Important

41.7%
39.7
31 .5
41.7
18.1
23.9
25.0
42.0
20.8
35.8
36.8
9.7
46.4
42.9
65.2
41.4
39.3
16.4

25.0%
23.3
37.0
31.9
11.1
9.9
4.4
33.4
19.5
16.4
21.6
15.3
8.7
5.7
18.1
10.0
16.4
20.5

33.3%
37.0
21 .5
26.4
70.8
66.2
70.6
26.6
59.7
47.8
43.6
75.0
44.9
51.4
17.7
48.6
46.3
63.1

emerged. The first consisted almost exclusively of domestic
uses plus manufacturing and crop production, and might
be referred to as consumptive uses. The second included
water-based sports from swimming to water-skiing. The third
factor, which overlapped the second, might be categorized
as "family recreation," including swimming as well as
picnicking and viewing. This is consistent with the view
that recreation and consumption are the major uses of the
lake by respondents.
The lake's uses will certainly be influenced by perceptions
of its quality. Question 6 asked respondents to score the
lake in terms of 15 named attributes and an "other" category.
The scoring system was based on how well people thought
a particular quality described the lake. In Table 8,
respondents' answers are summarized.
Characteristics identified by single respondents under the
"other" heading were, "worth protecting," "swimmer's itch,"
"asset to community," and "cold water."
As above, the respondents' mean score was calculated
for each characteristic listed. On that basis, attributes like
"dangerous," "tasty," and "unpolluted" could be classified
as the least descriptive attributes, each having average scores
that would place them below the "somewhat descriptive"
category for a group as a whole. The attribute "good for
business," in contrast, was one that respondents as a group
felt to be a very good description, followed closely by
"attractiveness. " The latter feature, plus all those not
otherwise mentioned, had mean scores which would place
them between "somewhat descriptive" and "describes very
well." Based on these responses, one may conclude that
respondents view the lake as an important economic asset
in spite of some doubts concerning its quality.
Perceptions concerning changes in the characteristics, and
presumably the quality ofi.ake Bemidji were also investigated
by inquiring about changes in clarity, weediness, and odor
during the previous five years. The results are summarized
in Table 9.
A striking feature of these results is the large portion of
people that don't feel well enough acquainted with the lake
to offer an opinion. For those who did respond, group
members are somewhat more likely to see the lake as less
clear, weedier, and less smelly than in the past. This makes
it difficult to generalize about perceptions of changes in
overall quality. Stronger odor presumably demonstrates a
j ournal of the Minnesota Academy of Science

Table 8. Characteristics of Lake Bemidji
(Percentages)
Characteristic
Availability
Abundant Supply
Is Discolored
Good Tasting
Full of Fish
Is Polluted
Too Weedy
Popular w/Tourists
Good for Business
Smells Bad
Good for Water-skiing
Attractive
Unpolluted
Dangerous
Murky

Describes
Completely

Very Well

Somewhat

Not At All

Don't Know

27.7
18.1
13.3
8.4
8.4
16.9
10.8
18.1
22.9
7.2
12.0
34.9
6.0
6.0
7.2

18.1
24.1
8.4
3.6
10.8
2.4
9.6
28.9
26.5
7.2
22.9
20.5
3.0
3.6
7.2

14.5
14.5
24.1
6.0
39.8
21 .7
20.5
12.0
10.8
18.1
16.9
12.0
12.0
12.0
20.5

18.1
18.8
8.4
24.1
7.2
8.4
8.4
16.9
20.5
19.3
8.4
14.5
34.9
31.3
15.7

21 .6
24.5
45.8
57.9
33.8
50.6
50.7
24.1
19.3
48.2
39.8
18.1
45.1
47.1
49.4

Table 9. Perceptions of changes in lake quality

Clarity
Weediness
Odor

More Pronounced
than Five Years Ago

About the
Same

Less Pronounced
Than Five Years Ago

Don 't Know

13.4
22.4
10.4

23.9
23.9
25.4

20.9
7.5
22.4

41 .8
46.3
41 .8

lessening of quality and greater clarity an improvement. For
a lake like Bemidji, where excess nutrification is a problem,
weediness should also be associated with lower quality
though, as was argued above, some respondents may believe
differently.
Willingness to Pay

The first attempt to quantify people's valuation of water
resources did not focus directly on Lake Bemidji. Instead,
it sought to access the importance attached to environmental
protection in general by asking people what percentage of
their tax bill they would like to see spent for that purpose.
Other spending category choices were agricultural programs,
defense, education, transportation, social securityI AFDC, and
police and fire protection. Overall, respondents indicated
that 13.5% of their tax payments should be spent for
environmental protection. On this basis, only education was
deemed a more important spending category. Table lOa
classifies respondents according to the importance of
environmental protection in their preferred package of public
expenditure. To place these results in context, Table lOb
shows the mean response for a variety of spending categories.
The purpose of this type of question is to uncover people's
valuation of a particular activity in a situation where they
must operate under the constraint of limited tax revenues,
so that more spending for one type of activity requires
foregoing spending elsewhere. Choice in the face of
constraint is, after all, the circumstance in which we typically
operate.
Volume 53, Number 3, 1987/ 88

Table lOa. Respondents' preferences concerning environmental expenditures out of tax revenues
Percentage of Taxes for
Environmental Protection

*Percentage of Respondents

Zero
1 -5%
6 -10%
11-20%
21-30%
31-40%
Over40%

9.6
16.4
32.9
31 .5
5.5
1.4
2.8

Table lOb. Percentage of tax revenue to be allocated to
selected spending categories
Spending Category
Agriculture
Defense
·Education
Environment
Transportation and Public Works
Social Security and AFDC
Police and Fire

Percentage of Taxes
9.5
12.9
19.6
13.5
9.2
11 .7
13.7

*Adjusted to eliminate rounding errors

An alternative, more direct way of measuring willingness
to pay is simply to ask people what they would be willing
to pay to achieve the preferred level of water quality in
Lake Bemidji as identified above. The mean willingness to
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pay was $64.40. This average was "pulled up" by a few very
large values (i.e., 2 of $1,000): the median willingness to
pay was only $10. On the other hand, willingness to pay
is biased in a downward direction because a number of
people who state a zero willingness to pay do not truly
attach no value to the lake. We will discuss this point more
fully below. For now, refer to Table 11, which provides a
breakdown of respondents' willingness to pay.
Table 11. Willingness to pay
Willingness to Pay ($)
Zero
$1 to 5
$6 to 10
$11 to 20
$21 to 50
$51 to 100
Over $100

Percentage of Responses
27.9
10.3
17.7
11 .7
12.8
11 .8
8.8

nonuser benefits such as the value people attach to
preserving the asset for future generations. This substantial
value attached to nonuser benefits is consistent with
comments reported above, where a majority of respondents
reported that their willingness to pay reflected, in part, the
value they attach to making benefits available to others,
including future generations.
The final pair of questions concerned respondents'
willingness to pay for their second preferred level of water
quality. The mean here was $61.32, of which $35.02
represented the valuation of user benefits. While individuals
had a lower willingness to pay for the less preferred state,
this difference is not statistically significant. A possible
interpretation of this comparison is that while people's
preferences are such that they do value water quality, they
are not defined in a way that enables them to state clearly
the differences in the value of their most preferred and
second most preferred condition.
Table 12. Willingness to pay, excluding protests

For those who expressed a willingness to pay, an effort
was made to uncover why they valued lake Bemidji by asking
them to identify the motives for their willingness to pay.
Only 36.1% of this group indicated that direct participation
in water-based recreation was a motive. In contrast, 54.2%
said their valuation was based on knowing that others could
enjoy the lake, while 61.4% indicated a desire to provide
future generations with an unspoiled lake. An identical
number, 61.4% of the sample, simply indicated that they
felt a responsibility to protect the environment. Overall, our
impression is that nonuser benefits are a significant motive
for people's willingness to pay.
Those who indicated an unwillingness to pay were given
the opportunity to respond to statements that might reflect
their motives. The first of these stated that while the
respondent would like to see the lake protected, he or she
would prefer that others pay. A total of 9.6% of the
respondents indicated that this statement applied to them,
while 8.4% indicated a refusal to place a value on the lake.
Additionally, 7.2% objected to the way the question was
asked. These responses do not indicate that the people
involved do not value the resource. They might better be
classified as protests than as measures of willingness to pay.
Clearly, if the people falling into these categories were
excluded, both the mean and median measures of
willingness to pay would be higher.
In this regard, only 9.6% of the respondents indicated
that protecting the lake had no value to them, while 9.6%
said that they could not afford to pay anything. On this basis,
no more than 19% of the sample could be said to truly
attach a value of zero to the lake, a figure significantly lower
than the 28% who reported a zero value in responding to
the question. For the sample, therefore, the mean and median
figures should be seen as understatements of willingness
to pay.
In Table 12, we exclude protests from willingness to pay
and include only those who report placing no value on
the lake and/ or an inability to pay for its protection as having
a willingness to pay of zero. Not surprisingly, excluding the
spurious zero values leads to an increase in both the mean
and median willingness to pay, which are then $73.92 and
$12.00, respectively.
Respondents as a group reported that $40.33 of their
willingness to pay, out of the total of $64.40, reflected the
value they attach to user benefits. That means that 37.3%
of average willingness to pay represents a valuation of
42

Value in Dollars

Willingness to Pay, Excluding Protests
Percentage of Responses
20.3
10.2
18.7
13.5
13.6
13.5
10.2

Zero
$1 to 5
$6 to 10
$11 to 20
$21 to 50
$51 to 100
Over $100

Analysis of Willingness to Pay

In general, people's willingness to pay for any benefit
would not be expected to be a random variable, but to
be linked to other attributes, (i.e., personal characteristics
and/ or preferences). In this section, we will examine the
correlations between people's willingness to pay and
characteristics of the respondents. Unless otherwise noted,
"willingness to pay" will refer to the respondents' valuation
of all benefits, user and nonuser. (To get the most accurate
measure of people's true valuation of the lake, the analysis
excludes the responses of those who reported a zero
willingness to pay as a protest.)
One influence that economists often find significant in
this regard is income. In general, people with larger incomes
are willing to pay more for any source of benefits. As Table
13 shows, this was the case for our respondents. Willingness
to pay on average generally rises with income, although
willingness to pay measured as a percentage of income shows
no particular pattern.
Table 13. Willingness to pay by income
Income Group*
0- $4,999
$ 5,000 - $9,999
$1 0,000 - $14,999
$15,000 - $19,999
$20,000 - $24,999
$25,000 - $29,999
$30,000 - $34,999
$35,000 - $39,999
$45,000 - $49,999
$50,000 - $54,999
$55,000 and over

Willingness to Pay
(Dollars)

Willingness to Pay
(Percent of Income)

$-0-

0

-039.00
18.67
75.00
201.43
33.50
5.00
100.00
175.00
289.50

0
.31
.11
.33
.73
.10
.01
.21
.33
.50

*There were no observations in the $40,000 to $44, 999 range.
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F-tests disclosed that differences in willingness to pay
measured either in dollars or as a percent of income are
not significant at the 5% level of confidence, indicating that
there is not significantly more variation in willingness to
pay between income classes than there is within classes.
Willingness to pay is apparently affected by gender. Males
had a mean willingness to pay of$82.64 vs. $61.36 for females.
This difference was, moreover, statistically significant at the
5% level of confidence, using a t-test on the means. This
result suggests that our overall measure of willingness to
pay should be viewed with caution. Because males are
overrepresented in our sample, our aggregate average
presumably overstates willingness to pay for the entire
population.
A comparison of willingness to pay based on ownership
of lakeshore was not valid since our survey included only
one person who lives on Lake Bemidji. Interestingly,
nonowners of boats have a higher willingness to pay than
boat owners ($93.11 vs. $75.00), but this difference is not
significant at the 5% level.
The occupational groups identified in the survey were
not associated with significant differences in willingness to
pay. In the case of age, the general pattern (as disclosed
by Table 14) is that willingness to pay tends to be lower
for the youngest and oldest groups in the sample. These
differences were not, however, statistically significant at the
5% level, using an F-test.
Table 14. Willingness to pay by age
Age (years)
20-29
30-39
40-49
50-59
60-69
70-79
80 and above

Mean Willingness to Pay ($)
$ 8.33
105.63
100.44
8.00
153.38
46.43
10.00

for those who do not participate in such sports on Lake
Bemidji. The results are summarized in Table 15.

Table 15. Willingness to pay: users and nonusers

Total Willingness to Pay
Willingness to Pay for Use

Enjoy
Water Sports

Don 't Enjoy
Water Sports

$145.78
79.56

$14.17
12.32

Additionally, at-test showed the difference in willingness
to pay for use and total willingness to pay to be significantly
different (5% confidence level) for recreational users; thus
indicating that they perceive some indirect or intrinsic
benefits that are independent of their own use. (Recreational
use is presumably a broader category then water sports.)
For nonusers, however, the difference in willingness to pay
between total value and use value is not statistically
significant. That result suggests that people who are not
recreational users regard themselves as receiving other types
of user benefits (i.e., consumption) to which they attach
a positive value.
These results were consistent with those obtained by
constructing another user index. Here, we employed
respondents' ranking of the importance of each of the 18
specific activities identified in the survey. Of these, canoeing,
sailing, motorboating, water-skiing, fishing, swimming,
picnicking, viewing, dog racing, and wildlife watching were
identified as recreational uses. Those respondents who
identified one or more recreational use as important or
extremely important did have a significantly higher
willingness to pay, as Table 16 shows. This comparison holds
both for differences in the total valuation of the lake and
valuation in terms of user benefits.
Table 16. Willingness to pay based on recreational use

In addition to the population's characteristics, people's
willingness to pay might be influenced by their perceptions
of the lake. Statements regarding lake quality were used
as a proxy for respondents' preferences, based on the
hypothesis that a higher quality lake would better meet wants
and would, therefore, command a higher willingness to pay.
In this regard, however, differences were not statistically
significant at the 5% level in people's willingness to pay
based on their scoring of the lake's quality in terms of clarity,
weediness, or odor.
Somewhat surprisingly, the importance people attach to
environmental protection in general does not appear to
significantly influence their willingness to pay for Lake
Bemidji. As a proxy for the former, we used the percentage
of tax revenues the respondent indicated he or she wished
to see spent on environmental protection. Differences in
those amounts were not systematically related to differences
in willingness to pay for the lake, again at the 5% level
of significance.
Some types of use were related to willingness to pay.
For example, individuals who indicated that their enjoyment
of water sports was a motive for their willingness to pay
for the lake had a significantly higher mean willingness to
pay than those who did not indicate this motive at the 1%
level of significance, using a t-test. Those who participate
in water sports not only have a higher total willingness to
pay, but their willingness to pay for use is also higher than
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Total Willingness to Pay
Willingness to Pay for Use

Recreational
Users

Nonrecreational
Users

$91.54
56.52

$29.26
16.67

We also explored the possibility that willingness to pay
might be influenced by the importance respondents attach
to a particular use, (i.e., people who see Lake Bemidji as
important for swimming might tend to value it more highly
than others). For each of the 18 uses identified, however,
no significant differences were found in willingness to pay
with the importance assigned to the lake for a particular
use.
In summary, willingness to pay seems to be influenced
by whether or not the individual is an "active" (i.e.,
recreational) user of the lake. Additionally, both users and
nonusers receive intrinsic benefits, which provide an
additional motive for valuing the protection of water quality.
While the importance of the lake for specific uses does
not appear to influence people's overall valuations, the
importance of the lake itself does. The higher people scored
Lake Bemidji in terms of its importance as a water resource,
the greater their willingness to pay. The differences in Table
17 were statistically significant at the 5% level of significance
using to an F-test.

Table 17. Willingness to pay and importance of Lake Bemidji

Willingness to Pay

Unimportant

Somewhat
Important

Important

Extremely
Important

Don't
Know

$2.00

$10.00

$58.24

$107.71

$10.00

In addition to the specific tests above, regression analysis
was used to build Equation 1, in which WIPe is the
individual's willingness to pay; Inc. is household income;
Ed. is education in terms of the categories defined above ;'
and Rank is the importance the individual attaches to Lake
Bemidji on a scale of 1 to 5. The figures in parentheses
are the standard error of the coefficients.
1) WIPe= -328 + .0028 (Inc.) + 12.74 (Ed.) + 44.49 (Rank)
(198) (.0018)
(9.36)
(39.42)
R2 =35.8%
An F-test indicated that the equation was significant at
the 5% level of significance, while t-tests revealed the
coefficients for income and education to be significant as
well. While the equation has limited ability to explain
willingness to pay, as evidenced by the low R2, the fact that
willingness to pay rises with both income and education
suggests some systematic determinants of people's valuation
of water resources.
Essentially, the results of the study establish that Lake
Bemidji is seen as a valuable resource by residents of the
trade area in spite of some uncertainties about its quality.
Moreover, in addition to the value that people attach to
their own direct use of the lake, people also appear to value
the lake for other reasons, such as a desire to preserve it
for the future or out of an obligation to protect the
environment.
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CALENDAR OF EVENTS
Editor's note: This calendar is intended to inform MAS members and others about scientific meetings and symposia of
interest in Minnesota and surrounding states. Please send notices of upcoming events to The Editor, Minnesota Academy
of Sciencejouma~ Suite 916 Pioneer Building, St. Pau~ MN 55101 .
August
7-11: 11th North American Prairie Conference , Prairie Pioneers: Ecology, History and Culture. Lincoln, NE. For more
information write: 1988 N.A. Prairie Conference, Department of Biology, Univer·
sity of Nebraska at Omaha, Omaha, NE
68182-0040.

44

20-27: XVIth International Congress of
Genetics. Toronto, Ontario, Canada. For
more information write Congress Secretariat, XVIth International Congress of
Genetics, National Research Council
Canada, Ottawa, Ontario, Canada, KIA
OR6.

October
7-9: Minnesota Academy of Science Fall
Meeting. Itasca State Park
20: Iowa Science Teachers Fall Conference, Convention Center, Des Moines,
Iowa.
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